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(54) DEVICE OF HUMIDIFYING SYSTEM FOR FUEL CELL 

(57)Abstract: 

PURPOSE: To maintain the water retaining condition of a high-polymer ion 
exchange film as an electrolyte and facilitate uniform distribution of hydrogen in 
each stack. 

CONSTITUTION: A fuel cell humidifying system device has solid high-polymer 
electrolyte fuel cell stacks 31 , 32 split in a plurality of fragments and humidifying 
devices 36, 37 located upstream of the stackes 31 , 32 to humidify the fuel 
hydrogen, wherein the stacks 31, 32 are connected with the humidifying devices 
36, 37, and humidification takes place little by little in the course of the fuel 
hydrogen being consumed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The humidification system unit of the fuel cell characterized by 
humidifying serially in the process in which are prepared in the upstream of the 
solid-state polyelectrolyte fuel cell stack divided into plurality, and each of said 
stack, have humidification equipment which humidifies fuel hydrogen, connect 
said each stack and two or more humidification equipments, and fuel hydrogen is 
consumed. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the humidification system unit of 
the fuel cell which consists of the fuel cell stack and humidification equipment of 
a solid-state polyelectrolyte fuel cell. 
[0002] 

[Description of the Prior Art] Like common knowledge, the generation-of- 
electrical-energy principle of a solid-state polyelectrolyte fuel cell is as being 
shown in drawing 1 . The electrode zygote 1 carries out this in the center, makes 
the catalyst electrode (negative electrode) 3 and the catalyst electrode (anode 
plate) 4 which consist of platinum adhere to both sides, using the macromolecule 
ion exchange membrane (for example, fluororesin system ion exchange 
membrane with a sulfonic group) of a fluororesin system as an electrolyte 
(macromolecule ion exchange membrane) 2, and has composition further 
repeated across the both sides the shape of sandwiches by the porous carbon 
electrode (negative electrode) 5 and the carbon electrode (anode plate) 6. 
[0003] In order to give the hydrogen ion permeability of the macromolecule ion 
exchange membrane which is an electrolyte 2, the hydrogen introduced by the 
negotiation slot of a separator 7 in the body of a fuel cell makes the steam of a 
saturated steam partial pressure in near the operating temperature of a fuel cell 
contain before installation, namely, is made to usually humidify, and is introduced. 
It may be made to humidify from the same reason also about oxygen or air. 
[0004] The hydrogen supplied to the electrode zygote 1 is hydrogen-ion-ized on 
the catalyst electrode (negative electrode) 3, and a hydrogen ion moves toward 
the catalyst electrode (anode plate) 4 side as H+ and xH2 O in an electrolyte 2. 
In order that a hydrogen ion may move to an anode plate from a negative 
electrode with x H2 O at this time, the steam introduced with hydrogen will be 



gradually penetrated to an anode plate side along the direction of passage of 
hydrogen, and will approach dry gas. 

[0005] The hydrogen ion which reached to the carbon electrode (anode plate) 6 
reacts with the oxygen introduced in the cell proper the same as an oxidizer, 
generates water, and is discharged with unreacted oxygen. Similarly, the 
unreacted hydrogen which was not hydrogen-ion-ized is also discharged from the 
body of a fuel cell. 

[0006] Moreover, the humidification system unit of the conventional solid-state 
polyelectrolyte fuel cell is as being shown in drawing 2 . This drawing shows the 
hydrogen which is a fuel, the oxygen (or air) which is an oxidizer, and the 
example which humidified both and was introduced to the fuel cell. Here, as a 
humidification source, the exhaust heat of a fuel cell is collected and the cooling 
water used as warm water is used. The hydrogen and oxygen (or air) which are 
introduced to the fuel cell stack 11 are made to contain namely, humidify the 
steam of a saturated steam partial pressure near a fuel cell operating 
temperature with humidification equipment 12. The hydrogen and oxygen (or air) 
which you were made to humidify are distributed to all the electrode zygote 
insertion sides 13 in the fuel cell stack 11 through the passage slot of a separator 
14. In addition, 15 in drawing shows a cooling water side. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the conventional 
humidification system unit has the following technical problems. 
[0008] (1) In order to perform humidification of the hydrogen used as a fuel only 
at the inlet port introduced to a fuel cell, the water vapor content introduced into a 
fuel cell will be limited to the water vapor content of a saturated steam partial 
pressure in humidification temperature. When it is going to enlarge electrolyte 
area or electrode zygote area, the steam which was humidifying hydrogen is 
gradually penetrated to an oxygen or air side in the form of H+ and xH2 O, and 
near the passage slot terminal of hydrogen, a water vapor pressure becomes low, 
it approaches dry gas, and it becomes impossible therefore, to maintain the 



water retention condition of the macromolecule ion exchange membrane which is 
an electrolyte. 

[0009] (2) Since distribution supply of the hydrogen which is a fuel is carried out 

at once at all electrode zygotes, the gas flow rate of the hydrogen supplied to an 

electrode zygote becomes very small, and when there are many electrode zygote 

sides, it is very difficult [ it ] to equalize flow rate distribution. 

[0010] This invention aims at offering the humidification system unit of the fuel 

cell which enlarges the gas flow rate of the hydrogen supplied to an electrode 

zygote, and can perform equipartition in each stack of hydrogen easily while it 

was made in consideration of such a situation and can maintain the water 

retention condition of the macromolecule ion exchange membrane which is an 

electrolyte. 

[0011] 

[Means for Solving the Problem] This invention is the humidification system unit 
of the fuel cell characterized by humidifying serially in the process in which are 
prepared in the upstream of the solid-state polyelectrolyte fuel cell stack divided 
into plurality, and each of said stack, have humidification equipment which 
humidifies fuel hydrogen, connect said each stack and two or more humidification 
equipments, and fuel hydrogen is consumed. 

[0012] Drawing 3 shows the outline block diagram of the humidification system 
unit of the fuel cell concerning this invention. 21 , 22, and 23 in drawing are the 
fuel cell stack divided into plurality, and humidification equipment 24 and the 
humidification equipments (medium) 25 and 26 are arranged at the upstream of 
these fuel cell stacks 21-23, respectively so that the fuel hydrogen introduced to 
each stacks 21-23 can be humidified serially. In addition, the oxygen or air which 
is an oxidizer may also be humidified if needed. Here, it is possible to use the 
exhausted cooling water which finished cooling all the stacks that use the 
exhausted cooling water of each stack serially as ****** of the humidification 
equipments 24-26. 
[0013] 



[Function] It is [0014] by dividing the stack of a solid-state polyelectrolyte fuel cell, 
or connecting with a serial in the above-mentioned configuration, and introducing 
a fuel to each stack, humidifying hydrogen serially. (1) It becomes possible to 
always compensate a part for the steam which penetrates the macromolecule 
ionic membrane which is an electrolyte in the form of H+ and xH2 O, and a water 
vapor pressure can be secured near the passage slot terminal on the separator 
of hydrogen. Namely, the water retention condition of the macromolecule ion 
exchange membrane which is an electrolyte can be maintained now. 
[0015] (2) A distribution number is enabled to take greatly [ it is few and ] at 
things the gas flow rate by which distribution supply is carried out to each 
electrode zygote, and equipartition in each stack of hydrogen can be easily 
performed now. 
[0016] 

[Example] Hereafter, one example of this invention is explained with reference to 
a drawing. In [ any ] an example, the hydrogen line which is a fuel about a solid- 
state polyelectrolyte fuel cell stack at division or a serial is connected, and it 
shows the example which formed humidification equipment in each stack 
upstream. 
(Example 1) 

[0017] Drawing 4 is referred to. 31 in drawing shows the 1st fuel cell stack, and 
32 shows the 2nd fuel cell stack. These fuel cell stack has two or more 
separators 33 by which the laminating was carried out, 34 shows an electrode 
zygote insertion side, and 35 shows a cooling water side. Humidification 
equipment 36 is arranged at the upstream of said 1st fuel cell stack 31 , and 
medium humidification equipment 37 is arranged at the upstream of the 2nd fuel 
cell stack 32. 

[0018] In the humidification system unit of the fuel cell of such a configuration, 
the hydrogen and oxygen (or air) which are supplied to the 1st fuel cell stack 31 
are humidified with the cooling water used as **** discharged from the 2nd fuel 
cell stack 32, and are introduced into the 1st fuel cell stack 31. Furthermore, the 



hydrogen which is discharged from the 1st fuel cell stack 31 and which remained, 
and oxygen (or air) are humidified with the cooling water used as **** discharged 
from the 1st fuel cell stack 31, and are introduced into the 2nd fuel cell stack 32. 
(Example 2) Drawing 5 is referred to. However, drawing 4 and said division 
material attach a same sign, and omit explanation. 

[0019] The hydrogen and oxygen (or air) which are supplied to the 1st fuel cell 
stack 31 are humidified with the cooling water used as **** which cools the 1st 
fuel cell stack 31 and the 2nd fuel cell stack 32, and is discharged, and are 
introduced into the 1st fuel cell stack 31. Furthermore, the hydrogen and oxygen 
(or air) which are discharged from the 1st fuel cell stack 31 and which remained 
are humidified with the cooling water used as **** which cools the 1st fuel cell 
stack 31 and the 2nd fuel cell stack 32, and is discharged, and are introduced 
into the 2nd fuel cell stack 32. 

(Example 3) Drawing 6 is referred to. However, drawing 4 and said division 
material attach a same sign, and omit explanation. This example 3 makes it a 
summary to branch to each stack from the start and to have supplied the oxygen 
or air which is an oxidizer to it in drawing 4 . 

(Example 4) Drawing 7 is referred to. However, drawing 4 and said division 
material attach a same sign, and omit explanation. This example 4 makes it a 
summary to branch to each stack from the start and to have supplied the oxygen 
or air which is an oxidizer to it in drawing 5 . 

[0020] Thus, according to the above-mentioned example, it has the advantage 
described below by connecting the 1st fuel cell stack 31 and the 2nd fuel cell 
stack 32 to division or a serial, and forming humidification equipment 36 and 
medium humidification equipment 37 in the upstream of each stack of the line of 
the hydrogen which is a fuel. 

[0021] (1) It becomes possible to compensate with each humidification 
equipment 36 the steam which penetrates the macromolecule ion exchange 
membrane which is an electrolyte, and moves to an oxygen or air side. Therefore, 
macromolecule ion exchange membrane is maintainable in the water retention 



condition which becomes enough over the whole region along the hydrogen 
passage slot on a separator. 

[0022] (2) Since the distribution number to each electrode zygote decreases, it 
becomes possible to take the large hydrogen gas stream bundle of hydrogen 
passage Mizouchi on a separator. Therefore, it becomes easy to perform 
equipartition to the electrode zygote in each stack of hydrogen. 
[0023] 

[Effect of the Invention] As explained in full detail above, while the water retention 
condition of the macromolecule ion exchange membrane which is an electrolyte 
is maintainable according to this invention, the humidification system unit of the 
fuel cell which enlarges the gas flow rate of the hydrogen supplied to an 
electrode zygote, and can perform equipartition in each stack of hydrogen easily 
can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing the generation-of-electrical-energy 
principle of a solid-state polyelectrolyte fuel cell. 

[Drawing 2] The explanatory view of the humidification system unit of the 
conventional fuel cell. 

[Drawing 3] The outline block diagram of the humidification system unit of the fuel 
cell concerning this invention. 

[Drawing 4] The explanatory view of the humidification system unit of the fuel cell 
concerning the example 1 of this invention. 

[Drawing 5] The explanatory view of the humidification system unit of the fuel cell 
concerning the example 2 of this invention. 

[Drawing 6] The explanatory view of the humidification system unit of the fuel cell 



concerning the example 3 of this invention. 

[Drawing 7] The explanatory view of the humidification system unit of the fuel cell 
concerning the example 4 of this invention. 
[Description of Notations] 

31 - 1st fuel cell stack 32 [ 36 -- Humidification equipment, 37 -- Medium 
humidification equipment. ] -- The 2nd fuel cell stack, 33 - Separator 
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